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Abstract
The demand for blueberries has continued to rise over the decades as its popularity has
spread in North America and the world. Propagation of new plants to supply new farms
and individuals is needed to meet that demand. Here we report the invention of a closed
system that was tested by examining the growth of the cuttings (plant length, rooting, and
root length) after a one-month period in both the proposed system and a traditional mist
system. The proposed system showed a few statistically significant advantages over the
traditional mist system with no consistent trend, besides a decrease in wilting of the
cuttings and the hypothesis was determined to be inconclusive due to a lack of
consistency in the data. The system is comparable to the mist system in maintaining the
plants and could be an economically advantageous system due to a reduction in costs of
labor and materials.
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1 Introduction
1.1 Blueberries
Blueberries (Vaccinium spp.) are a fruit-bearing shrub that originated in the modern
United States and Canada. In the recent past, they also have been naturalized to different
parts of the world such as parts of Europe, South America, Africa, and Australia. They
are an important part of the U.S. market bringing in an annual value of 908.677 million
dollars in 2019 (USDA 2020).
They are best suited to acidic soils ranging from a pH of 4.2 to 5.2 (AAF 2017) or 4.5 to
5.5 (Jimenez 2009), this limits the areas in which they can be planted without using an
established method to adjust the pH to create viable soils (Jimenez 2009). Grown plants
are adapted to drought and require little water compared to other plants, but at least 2.5
cm of water is needed per week for optimal growth and fruit production (AAF 2017). Too
much water can create water stress and the growth of the fruit can be affected; in some
cases, the berries can burst from the intake of water in the rain. Full exposure to light is
needed for vegetative growth to produce strong stems and areas for budding. They
respond to photoperiod and will begin to produce flowers as the days shorten after
focusing on vegetative growth (AAF 2017). The market demand for the berry has
continued to increase over the years due to the rising population and expanded market
domain. It is important for the development of the blueberry industry to quickly provide
large numbers of high-quality blueberry seedlings. Thus, it is necessary to study the
growth characteristics of blueberries in cultivation and new propagation methods.
Two major types of blueberries exist, as of now divided into Lowbush and Highbush
variants. This classification is due to the nature of the plants after cultivation and
selective breeding.
As the name details, the Lowbush variants are deciduous prostrate shrubs that grow low
to the ground and generally produce smaller berries. Their size can vary from 1 to 4 m.
Lowbush blueberries are “wild” variants that are largely cultivated commercially in
Canada, though not to the extent that the Highbush varieties are. They are grown in large
1

areas in forests or swamps and referred to as barrens (Canada.agriculture.ca). These are
not traditionally farmed and are allowed to grow freely but burning is used to control
barrens (continue/source). Lowbush barrens are left to self-pollinate allowing for sexual
reproduction to create variations in the plants and the fruit they produce (AAF 2017).
The Highbush or “cultivated” blueberries again follow the name as they are grown to be
tall bushes that reach up 1.83 to 3.66 m. Highbush cultivars or variants of the blueberry
species have been created through breeding and are reproduced through the cloning of the
plant. Cloning is required to maintain the aspects of the variant; the lack of genetic
diversity does put variants at risk to widely fail from disease. Cloning is carried out by
micropropagation, softwood cutting, and hardwood cuttings.
An issue with blueberries is that the time of growth before a yield of fruit is viable can be
2+ years. Peak production of the plant does not occur until 4-6 years after planting
(Jimenez 2009). Young plants will also have a hard time in the winter as well.
Greenhouses are a solution to producing new plants in a controlled environment but
current propagation systems require a large investment in climate-controlled space and
proper equipment.

1.2 Alternative Cultivation Methods
In Yang Fang’s article “A Review for Southern Highbush Blueberry Alternative
Production Systems,” (2020) he and his team focused on the use and specifics of
alternative production systems of Highbush blueberry plants (ref). The review covered
the storage and fruit production of propagation systems for blueberries. Systems covered
are categorized into high tunnels, high-density planting production, evergreen production,
and container-based production. The first method high tunnels are a protective system for
blueberries. Outdoor plants are enclosed by high tunnels of plastic stretched over a frame
to section off the plants from their surroundings. Advantages of this system include
protection from frost and rain; water levels in the tunnels can be efficiently controlled and
the high tunnels also reduce the amount of water needed to create a moisture barrier to
2

fight off the frost. Higher temperatures can be maintained in the early fall and spring
allowing for faster ripening of the berries. This method has also allowed for the
expansion of cultivation into northern areas that were not previously viable due to
weather. Cons of this method are directly connected to the isolation and insulation of the
area. High tunnels rely on radiation to heat up and are impacted on cloudy days,
especially in the early spring where frost is unavoidable without separate heating
systems. On the other hand, overheating is an issue when long exposure to direct sunlight
brings the temperature to harmful levels. The practice to solve this issue is to ventilate the
tunnels when internal temperatures hit around 10℃. The sides of the tunnels must be
raised to do this, either manually or with an automatic motor to lift the sides. High
tunnels also block pollinators such as bees from entering the area which prevents fruit
growth. Raising the walls during the day or importing pollinators directly into the tunnels
are solutions that are a standard practice as of now. Greenhouses and plant factories are
alternative protected environments that can directly control the growing environment to a
greater degree. Temperature, humidity, and pests can be easily controlled; but the
problem of usable space in either is a large limitation to large long-term operations.
Research into high-density planting production is being done to increase the efficiency of
land use and protective structures. The thought is to decrease the space between the
plants to increase the population density and fruit yields per acre. This does reduce the
fruit yield per plant, but the overall yield is increased due to the greater plant population
overtaking the loss. Difficulties with high-density planting include greater sensitivity to
drought stress and the density could restrict light penetration through the canopy
impacting growth due to higher density of the plant canopy itself. Without methods being
taken to remedy this problem, disease incidence also increases, as the density increases
heat and humidity while restricting airflow.
Evergreen Production is the practice of maintaining as much foliage as possible during
the colder parts of the year. The healthy canopy allows for high yields of fruit earlier in
the season. This method is only viable in areas with light or no freezes, and high tunnel
systems.
3

Container-Based production is what the name states. This propagation method allows for
great control of soil nutrients and pH, helping to overcome the issue of agricultural soil
being too high in pH for Highbush in general even with prepping. It also helps to avoid
local problems like soil-borne pests and soil inadequacy/contamination. Container Size
and shape are important for the growth of the plants. The containers restrict the overall
root growth of the plant to its dimensions. A reduction in overall rooting will predictably
result in reduced growth and yield. The industry standard is about 56 to 95L according to
Fang Yang research, a predominant protocol is hard to pinpoint. The height of the
containers must also be closely considered, as being too tall can result in uneven water
distribution and too short resulting in hypoxia due to sitting water at the top. Containerbased production uses different mixes of Sphagnum peat moss, coconut coir, and perlite.
Mixes with majority peat or coconut are found to greatly increase growth though some
evidence shows that peat is overall more effective (Yang Fang 2020).

1.3 Propagation
1.3.1 Softwood cuttings
Softwood cuttings are lengths of growth taken early in the season, such as May through
to July for woody plants. These are cut to a length of around 5-10 cm, the cuttings should
be taken from shoots that are still soft and pliable but have started to harden. Another
aspect is a gradation of the leaves on the cutting, the leaves near the terminal not being
completely mature with younger leaves at the top of the cutting. The cuttings are fragile
and can dry out very quickly, so care is needed to keep them healthy. Though fragile, if
proper care is taken the softwood cuttings root very easily and faster than hardwood
cuttings. Cuttings should be quickly placed in a growing media and placed under a
misting system to avoid any wilting. (Evans and Blazich 1999, Blueberries 2019)

1.3.2 Hardwood cuttings
Hardwood cuttings are lengths of branches taken from mature sections. The consensus on
general hardwood cuttings is that sections can be taken when the plant is in its dormant
stage from the late fall to early spring. The cuttings should be firm and not easily bent.
4

Taken lengths can vary from 1 to 3 feet, these lengths are cut into sections around 6
inches and planted into a media. It is important to keep the bed moist but not overly
saturated. A sprinkler system can be used until the shoot grows leaves and then a misting
system should be used.
Hardwood cuttings can establish more rugged plants that you won’t have to worry about
damage or drying out to the extent that you must with softwood cuttings. An issue with
this method could be that the mass production of new plants would require a large stock
of established blueberry bushes that cutting could be taken from. (Evans and Blazich
1999, Blueberries 2019)

1.3.3 Micropropagation
Micropropagation or tissue culture is the practice of rapidly multiplying stock plant
material to produce many progeny plants, using modern plant tissue culture methods. In
the last few decades, this practice has found wide application in plants that have been
genetically modified and even that have been traditionally bred. It is an excellent
technique for species that are sterile and unable to reproduce on their own or those that
don’t respond well to traditional breeding techniques.
Careful selection of a mother plant for the tissue culture is needed to ensure the health of
propagated plants. The sample tissue needs to be sterile to create stocks that are free of
viruses and fungi, infections could affect the overall health or entirely kill them. The
tissue samples are surfaced sterilized and, in some cases, broken down into single cells
and placed into growth media. Usually, an example of a growth media would be an agar
gel plate infused with sucrose as an energy source for the plant. These can be test tubes or
jars for easy storage and low price. Growth hormones are used to promote general and
root growth; certain hormones can be used to induce the growth of certain cell types such
as roots or branches. The next step in this process would be to increase the number of
tissue cultures overall. Once tissue cultures become established, sections from them can
be used to produce additional healthy cultures as they are from a sterile parent source.
This process can be repeated into the thousands of samples without issue besides the
general concern for disease susceptibility when in fields due to homogeneity. As
5

discussed in hardwood cuttings, the small shoots from the tissue cultures are susceptible
to drying out and disease, this is caused by a lack of cuticle and stomata being formed
when under ideal conditions (high humidity, low light, warm). By giving the plants a
“Weaning” period by slowly introducing them to more natural growing conditions they
will adapt and become resilient to non-ideal conditions. Finally, when the plants are
ready, they are removed from their growth media and planted into soil or medium of
choice. These plants would be kept in a protected system such as a plant factory or
greenhouse until they could be planted in fields or other desired locations. (Guo et. all
2019, Debnath 2009, Fan 2017)

1.3.4 Propagation Media
Propagation medias for blueberries usually consist of a few materials. The mainly used
medias are Peat Moss, Perlite, and Coconut Coir. Peat Moss has been found to be the best
for overall growth of the plants compared to perlite as growth diminished the greater the
concentration of perlite in mixtures (Kingston 2020). Perlite is popular as the substrate
does not break down over time and retains its volume which is ideal for plants that take
years of growth to mature. The problem with perlite is that it leaches nutrients in the
container and impacts the effectiveness of fertilizers affecting the growth of the plants.

1.3.5 Mist System
A mist system is a primary method for watering cuttings in propagation beds. Blueberries
do well in a humid environment and the mist system is used to keep the environment
around the cuttings as high to 100% as possible, as well as keep the soil moist to fend off
any wilting that may happen.

1.4 Study Aims and Hypothesis
1. Compare the growth between the proposed propagation system vs an open-air
propagation system.
2. Examine the overall growth of the cuttings including plant length, rooting, and root
growth
3. Compare the advantages and disadvantages between traditional and this experiments
propagation
6

The micropropagation of high bush blueberries is an efficient system of proliferating
clones of blueberries for use in farming and private selling. A disadvantage of some
systems is the cost and labor, along with inefficient use of space. The use of bins to create
a closed system environment in a temperature-controlled area with proper light would be
a cheap and low labor alternative that could be done by any individual for a low startup
cost. This method of micropropagation will be efficient and produce greater results than
the traditional misting propagation of blueberries due to the semi-isolated system in the
bin that creates ideal conditions for accelerated growth.
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2 Methods and materials
2.1 Taking Softwood Cuttings
Cuttings come from the tips of shoots of each stock plant, each is 5 cm +- 0.5 cm. Using
a ruler to measure 5 cm or measure on your fingers and keeping the general length in
mind, you can use said length to make accurate cuts to speed the process. Take the leaves
off the bottom half or 2 thirds of the cutting leaving at least 3 or 4 leaves. The leaves can
be removed by either running thumb and index finger over the shoot with light pressure
to remove the leaves (caution: cuttings will snap under too much pressure), or by using a
pair of scissors to remove the leaves close to the stem. Keep the cuttings moist if they
must be left for a time, they will dry out very quickly if exposed to the air.

2.2 Bin Propagation
One 10-gallon bin is placed with 16 seeding cells at the bottom. Prepared Pete Moss at
100% saturation is placed into each of the cells, enough to thoroughly fill each cell to the
top. Water will drain from the saturated Peat Moss to the bottom of the bin. If the water
does not reach a depth from 1-1.5 cm on the bottom, add tap water to create said depth.
Take a tool such as a chopstick or what you have on hand to create a hole in each of the
cells to plant a cutting in. Taking cuttings from your stock, coat the bare section in a layer
of rooting hormone. Placing the cutting into the cell, up to one-half or two-thirds of the
shoot must be placed in the media. Make sure that the correct length lies in the media and
agitate the media with fingers or tools to close up the hole. Keep the bin away from direct
sunlight for up to a month. A more shadowed section of the greenhouse or storage area
being used is best.

2.3 Mist Propagation
In a tray place 12 seeding cells. To avoid drowning, create small drainage holes in the
sides of the tray 1.5 cm from the bottom to create a similar depth to the bins. Prepared
Pete Moss at 100% saturation is placed into each of the cells, enough to thoroughly fill
each cell to the top. Water will drain from the saturated Peat Moss to the bottom of the
tray, if the water level does not reach the drain level, fill with tap water to reach the fill
line. Take a tool such as a chopstick or what you have on hand to create a hole in each of
8

the cells to plant a cutting in. Taking cuttings from your stock, coat the bare section in a
good layer of rooting hormone. Placing the cutting into the cell makes sure that the
stripped portion is in the cell and agitates the substrate with fingers or tools to close the
hole.

2.4 Examination Methods
After the growing time given is up, examination of the cutting is required. Prep by having
2 containers of water on your work surface to remove dirt. The first is to remove the large
majority of dirt from the cutting while the second is to remove the remaining substrate
and for temporary storage. Use a white background to work on and take pictures. A
notepad and writing utensil will be needed to record data. Extracting one of the cuttings
out of the cell is done by gently extracting as much of the substrate out of the cell as
possible using a preferred tool. Carefully submerge the substrate and cutting into the first
container and make small motions to clear the substrate from the cutting. Any loose
substrate should be removed from the cutting and roots in this step. Move the cutting to
the next container and carefully extract and debris that is tangled in the roots of the
cutting. An error may occur in these steps as the roots can be fragile and break off with
the substrate even when handled with care. Cutting will dry out rather quickly, leaving a
group in the second container and examining one at a time will maintain pliability and
health of the cutting for examination. The examination is done by measuring the number
of roots, their lengths, and the length of each cutting. This step can be done with a 1 ft.
measuring stick using the cm side.
The factors measured in this experiment are included here. The number of roots, each
root is defined as a singular or multiple strands coming out of a single position or node.
The separation of strands defines them as different roots. A problem I have found is that
the bottom of each cutting seems to act as a singular node that covers the circumference
of the cutting’s bottom section. These can be counted as singular or multiple depending
on if multiple distinct nodes are present or roots cover the whole of the area. If no nodes
or discolored areas are present count as separate if 0.1 cm exists between each. Ex,
Major, or Minor root growths. Ex(ceptional) root growth is defined when the total
9

number of root growths exceeds 6. The reasoning is that typically the number of leaves
removed, and the cut section adds up to around 4 or 5 areas for roots to grow from along
with the chance of spontaneous root formations from unexposed areas. It was found later
in the experiment, root growths exceeding 6 were too high in number to reliably count.
Major roots are defined by the growth of a singular strand that has 4 branching growths
off it or a node that has more than 3 separate strands coming out of it. One of these
conditions must be met to count as a major root. All roots that do not meet these criteria
are defined as minor roots. Root lengths: measure the longest strand of each root, strands
are of varying lengths on a single node. If the roots are defined as Ex measure the longest
section and record that only. Overall length: measure the length of the cutting. The
cutting is measured from the bottom of the cutting to the top of the cutting, but only
measuring the vine, do not measure the leaf that usually sits at the top. New growths: new
growths are defined as vine sections that branch off the main cutting. Do not count leaves
as new growths. New growths will usually appear as white or red sections, some green
sections will grow as well but those are less common.

2.5 Storage for Growth
The bins were stored on
shelves within the green
house. Newly cut groups
were stored towards the
back of the area to avoid
getting too much direct
sunlight that could harm the
cuttings. At most the bins
are stacked 2 deep and 3
high to allow w for ample
light in the bins. The mist

Figure 2.1 Storage areas of bins within the Greenhouse

system was stored in the
back next to the bins.
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2.6 Greenhouse
This experiment was carried out in the
Greenhouse on the 9th floor of the DOW
building of MTU. The greenhouse growth
conditions were light and dark cycles of
16 hrs. and 8 hrs., the temperature of
25°C, and relative humidity ranging from
40-70%.
Figure 1.2 MTU Greenhouse Space Used.

2.7 Mist System
The Mist system was constructed using ½ inch PVC pipe and fittings to construct the
main layout. A tap was used to make
threads for brass misting nozzles to be
installed into the PVC pipes. Simple 2x4
legs were used to suspend the system
above the cuttings. The brass misting
nozzles worked under an operation
pressure: 20-70 kg/cm, flow Rate: 80Figure 2.3 Misting irrigation system used in
the Experiment.

145 ml/min. A 4-channel timer was used
to water the blueberries for 2 minutes

every 6 hours to maintain as much humidity as possible and to replace water removed by
evaporation in the trays. Attention must be paid to the trays to ensure that the water in the
trays does not completely evaporate, otherwise the plants will start to dry out.

2.8 Cultivars
Elliot (Vaccinium ellitottii) is a species of Vaccinium. It’s native to the southern United
States from Virginia, Florida, Arkansas, Texas. Elliot grows 2-4 m with small ovoid
acute leaves. The flowers are pale pink, bell-shaped, opening in the early spring before
the new leaves appear. Elliot is popular for its large yields and late-season fruit.
11

Legacy, a cultivar of (Vaccinium darrowii) also known as southern highbush blueberry.
V. darrowii is native to the United States in Alabama, Florida, Georgia, Louisiana, and
Mississippi. It is an evergreen shrub that grows from 30-120 cm tall and has small simple
ovoid leaves. The flowers are white and bell-shaped. Does well in soils that are
seasonally wet to dry, sandy, and with high acidity.
Liberty and Brigitta are cultivars of (Vaccinium corymbosum) also known as the
Northern highbush blueberry. It is native to eastern Canada, plus southern and eastern
United States. In Canada, it grows in Ontario, Nova Scotia, and reaches down to Florida
and Texas. Efforts by countries have naturalized this species in Europe, Japan, New
Zealand, and Pacific northwestern America. V. corymbosum is the most commercially
grown blueberry in North America.
(Department of Agriculture, USDA plants)

2.9 Data Analysis
All numbers taken from the examination were placed into Excel. Each sample group was
given its own page and each cultivar was consolidated into separate pages. Using Excel
analysis tools, the cultivar data was put through both One Factor ANOVA testing and tTest Two-Sample Assuming Unequal Variances. The individual samples were analyzed
using the descriptive analytics tool in Excel as well.

12

3 Results
3.1 Summary of Results
A.

B.

C.

D.

E.

F.

Figure 3.1 Vaccinium elliottii (Pictures taken at the end of the growth period of each
sample group) A and B grew for 1 month in the misting system. C and D are 2-month
samples from the bin propagation. E and F are samples from 1-month bin propagation.
13

A.

B.

C.

D.

Figure 3.2 Vaccinium corymbosum (Pictures taken at the end of the growth period of
each sample group) A and B grew for 1 month in the misting system. C is 2-month
samples from the bin propagation. D are samples from 1-month bin propagation.
14

A.

B.

C.

Figure 3.3 Vaccinium darrowii ‘Legacy’ (Pictures taken at the end of the growth
period of each sample group) A grew for 1 month in the misting system. B are 2month samples from the bin propagation. C are samples from 1-month bin propagation
15

3.2 Plant Length
3.2.1 Legacy
The samples showed that there is a statistically significance in growth between the Bin
and Mist propagation systems in favor of the Bin system. The cuttings grown in the bins
grew very well and on
average doubled in
Table 3.1 Statistics of each Legacy cultivar sample using descriptive
height within the
statistics in Excel.
Vertical Length 5/26-724

Vertical Length 7/28-9/7
Mean (cm)
Standard Error

10.3946236 Mean (cm)
0.220492699 Standard Error

Median

10 Median

Mode

12 Mode

Standard Deviation
Sample Variance
Kurtosis
Skewness
Range

Vertical
Length5/26-7/24
8/10-9/11 Mist
Rooting

9.68059701 Mean (cm)
0.26024237 Standard Error
9.5 Median
8 Mode

2.126354586 Standard Deviation

2.130175608 Standard Deviation

4.521383824 Sample Variance

4.537648123 Sample Variance

-0.033365592 Kurtosis
0.648022998 Skewness
10.4 Range

1.547268273 Kurtosis
0.869109699 Skewness
11.3 Range

Minimum

5.9 Minimum

5.7 Minimum

Maximum

16.3 Maximum

17 Maximum

Sum
Count

966.7 Sum
93 Count

648.6 Sum
67 Count

6.96944444
0.099384626
6.85
7.2
0.843306519
0.711165884
-0.357702793
0.439888901
3.7
5.3
9
501.8
72

Table 3.2 Statistics of the all the Legacy cultivar using ANOVA One
Factor and t-Test: Two-Sample Assuming Unequal Variances. Significant

at p < 0.05.

Figure 3.4 Whisker box plot of the Legacy results

16

month.
Comparing both
Rooting 8/10-9/11 Mist
the 1-month and 2month bins to the
misting system shows a
~250% increase in
growth. The outlier in
this event is that in the
2-month sample there is
a lack of any significant
growth over the 1month sample.

3.2.2 Liberty
Figure 3.3 Statistics of each Liberty cultivar
using descriptive analysis in Excel.
Vertical Growth 5/30-8/8

Vertical Length 9/23-10/23
Mean (cm)
Standard Error

6.290625 Mean (cm)
0.076821137 Standard Error

Median

6.2 Median

Mode

5.6 Mode

Standard Deviation

0.75269035 Standard Deviation

Sample Variance

0.566542763 Sample Variance

Kurtosis

0.574350009 Kurtosis

Skewness

0.738266477 Skewness
3.8 Range

Range
Minimum

5 Minimum

Maximum
Sum
Count

8.8 Maximum
603.9 Sum
96 Count

Vertical Length 8/31-10/3 Mist
Mean (cm)
Standard Error

5.55 Mean (cm)
0.05937204 Standard Error
5.5 Median

Mode

5.5 Mode

Standard Deviation

0.503788464 Standard Deviation

Sample Variance

0.253802817 Sample Variance

Kurtosis

0.150735815 Kurtosis

Skewness

Rooting 5/30-8/8

14.303125
0.480846871
13.95
16.5
4.71131791
22.19651645
-0.724058296
0.192909315
19.3
5.2
24.5
1373.1
96

Vertical
Length
8/15-9/15
Rooting
8/31-10/3
Mist Mist

Median

0.27056136 Skewness

Rooting 8/15-9/15 Mist

6.092957746
0.097665382
6
5.8
0.82294314
0.677235412
2.16436374
1.105889619

Range

2.6 Range

4.2

Minimum

4.4 Minimum

4.7

Maximum

7 Maximum

Sum
Count

399.6 Sum
72 Count

The Liberty cultivar turned out to grow
extremely well overall. All tests using t-test
two-Sample Assuming Unequal Variances
and ANOVA Single Factor show a
statistically significant difference between
the 1 Month, 2 Month, and Mist samples.
The average growth in the bin exceeded the
Mist by a ½ cm. Variances between the 1
Month and Mist samples are very similar
interestingly. The 2 Month bin more than
doubled the average total height of the
plants but there’s a huge variance in this
sample compared to the others. Such a
drastic difference in growth could be due to
the difference in the time of year it was
grown despite being in a greenhouse and
bins. The 2-month sample was planted at the
end of May and examined in early August
while the 1 Month Samples was grown from
September into October.

8.9
432.6
71

Figure 3.4 Statistics of the Liberty cultivar growth using ANOVA One
Factor and t-Test: Two-Sample Assuming Unequal Variances. Significant
at p < 0.05.
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Table 3.5 Whisker box plot of the Liberty
results

3.2.3 Elliott
Table 3.5 Statistics of each Elliot cultivar Growth using

The Elliot Cultivar grew well in
descriptive analysis in Excel.
both Bin and Mist systems. All
tests using t-test Two-Sample
Vertical Length 9/23-10/23
Vertical Growth 7/12-8/15
Rooting
7/12-8/15
Vertical
Growth
5/28-8/2
Mean (cm)
5.94375 Mean (cm)
8.376471 Mean (cm)
8.855294
Assuming Unequal Variances
Standard Error
0.044717 Standard Error
0.155389 Standard Error
0.389388
and ANOVA One Factor testing
Median
6 Median
8.1 Median
7.8
Mode
6 Mode
7.5 Mode
6
showed no statistical difference
Standard Deviation 0.438133 Standard Deviation 1.109701 Standard Deviation 3.589983
between the 1 Month bin and
Sample Variance
0.191961 Sample Variance
1.231435 Sample Variance
12.88798
Kurtosis
2.590126 Kurtosis
-0.4638 Kurtosis
1.090553
Mist systems, though an increase
Skewness
0.781299 Skewness
0.53445 Skewness
1.152026
Range
2.7 Range
4.8 Range
16.6
in growth at the 2 Month sample
Minimum
5 Minimum
6.2 Minimum
3.4
is shown. The averages between
Maximum
7.7 Maximum
11 Maximum
20
Sum
570.6 Sum
427.2 Sum
752.7
the 1 Month and the Mist
Count
96 Count
51 Count
85
samples were close with the 1
Length
8/28-9/28
Vertical
Length6/22-8/25
8/28-10/1 Mist Vertical
Rooting
8/28-10/1
MistMist
Vertical Length 6/22-8/25
Rooting
6.36338
6.797222 Mean (cm)
Mean (cm)
10.70368 Mean (cm)
Month sample average only
0.067709
0.073264 Standard Error
Standard Error
0.285369 Standard Error
6.4
6.8 Median
Median
11 Median
being 0.2 cm higher. Though
6.5
6.9 Mode
Mode
9.1 Mode
there is a much larger variance
Standard Deviation 2.781438 Standard Deviation 0.621668 Standard Deviation 0.570523
0.325497
0.386471 Sample Variance
Sample Variance
7.736396 Sample Variance
in the 1 Month bin samples than
0.96993
0.071348 Kurtosis
Kurtosis
-0.055 Kurtosis
0.21868
0.011135 Skewness
the Mist. Unfortunately, there is
Skewness
-0.087 Skewness
3.1
3 Range
Range
13.5 Range
not a statistically significant
4.9
5.3 Minimum
Minimum
4.7 Minimum
8
8.3 Maximum
Maximum
18.2 Maximum
increase in growth between
451.8
489.4 Sum
Sum
1016.85 Sum
either system. The p-values are
71
Count
95 Count
72 Count
well above the criteria for
rejecting the null hypothesis. Comparing the 1 Month and 2 Month samples we can see
an increase in the average height of about 3 cm with the 2 Month sample presenting a
high variance.
Table 3.6 Statistics of the Liberty cultivar growth using ANOVA
One Factor and t-Test: Two-Sample Assuming Unequal Variances.
Significant at p < 0.05.
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Figure 3.6 Whisker box plot of the
Elliot results

Rooting 5/28-8/2

Rooting 8/28-9/28 Mist

3.3 Rooting Numbers
3.3.1 Legacy

Table 3.7 Statistics of each Legacy cultivar rooting using descriptive analysis
in Excel

In rooting of the
Root Length 5/26-7/24
Legacy cultivar, there
is a statistical lack of
difference between
the length of the roots
in the 1 month and
mist samples. Close
to each in bother
average and variance
with a p-value well
above .05. The 2month sample was
very undeveloped in root growth. Even given 2 months, most of the cutting hadn’t grown
any roots despite undergoing the same methodology as the other samples.
Table 3.8 Statistics of the all the Legacy cultivar rooting using Figure 3.7 Whisker box plot of the
ANOVA One Factor and t-Test: Two-Sample Assuming Unequal Legacy results
Variances. Significant at p < 0.05.
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Roo

3.3.2 Elliot
There is a statistically significant
difference between the 1 Month and
Mist samples, but in this case, the Mist
samples far exceeded the bin system in
both the 1 Month and 2 Month
samples. The Mist system increased by
about 3.5 roots on average over the
bins. Even with the 2-Month samples,
they didn’t root to the rate of the Mist
system.

Table 3.9 Statistics of each Elliot cultivar rooting using
descriptive analysis in Excel
Rooting 7/12-8/15

Rooting
9/23-10/23
Root
Length
7/12-8/15

Rooting 5/28-8/2

Root Length 5/28-8/2

Mean (roots)

1.980392 Mean (roots)

0.729167 Mean (roots)

2.623529

Standard Error

0.374155 Standard Error

0.148442 Standard Error

0.270893

Median

1 Median

0 Median

2

Mode

0 Mode

0 Mode

1

Standard Deviation 2.672004 Standard Deviation 1.454425 Standard Deviation 2.497506
7.139608 Sample Variance

2.115351 Sample Variance

Kurtosis

-0.21631 Kurtosis

9.863616 Kurtosis

-0.69093

Skewness

1.206834 Skewness

3.023121 Skewness

0.836051

Sample Variance

6.237535

Range

7 Range

7 Range

7

Minimum

0 Minimum

0 Minimum

0

Maximum

7 Maximum

7 Maximum

Sum
Count

101 Sum
51 Count

Rooting 6/22-8/25

Rooting
8/28-9/28
Mist
Root
Length
6/22-8/25

Mean (roots)

4.631579 Mean (roots)

Standard Error

0.253995 Standard Error

Median

70 Sum
96 Count

5 Median

7
223
85

Root
Length
8/28-9/28
Mist
Rooting
8/28-10/1
Mist

5 Mean (roots)
0.306207 Standard Error
7 Median

Root Length 8/28-10/1 Mist

4.361111
0.300173
4.5

7 Mode
7 Mode
7
Standard Deviation 2.475637 Standard Deviation 2.580144 Standard Deviation 2.547053
6.657143 Sample Variance
Sample Variance
6.128779 Sample Variance
6.48748
-1.27934 Kurtosis
Kurtosis
-1.69733 Kurtosis
-1.37317

Mode

Figure 3.8 Whisker box plot of the Elliot results

Skewness

-0.25749 Skewness

-0.68294 Skewness

Range

7 Range

7 Range

Minimum

0 Minimum

0 Minimum

Maximum

7 Maximum

7 Maximum

Sum
Count

440 Sum
95 Count

355 Sum
71 Count

Table 3.10 Statistics of the all the Elliot cultivar rooting using ANOVA One
Factor and t-Test: Two-Sample Assuming Unequal Variances. Significant at p <
0.05.
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-0.34401
7
0
7
314
72

3.3.3 Liberty
Comparing the rooting
Table 3.11 Statistics of each Liberty cultivar rooting using descriptive
between the 1 Month
analysis in Excel
and Mist samples there
is a significant statistical
difference between
them. The Mist system
rooted to a greater
degree over the Bin
system on average by
~0.9 roots. Though in
this case, the 2-Month
samples did exceed both
the 1-Month and Mist samples by over double. High variation is present in all samples.
Root Length 5/30-8/8

Figure 3.9 Whisker box plot of the Legacy
results

Table 3.12 Statistics of the all the Liberty cultivar rooting using ANOVA
One Factor and t-Test: Two-Sample Assuming Unequal Variances.
Significant at p < 0.05.
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Root Length 8/31-9/3 Mist

Root Length 8/15-9/15

3.4 Rooting Length
3.4.1 Legacy

Table 3.13 Statistics of each Elliot cultivar root length using

Statistically significant growth descriptive analysis in Excel
in the 1-Month Bin compared
to the Mist sample is shown.
The average of the 1-Month
Bin sample is somewhat under
double that of the Mist
sample.
Again, here the 2-Month
sample acts as an outlier as the
root lengths are extremely
short compared to both the 1Month bin and mist samples.
Table 3.14 Statistics of the all the Legacy cultivar root
lengths using ANOV a One Factor and t-Test: Two-Sample
Assuming Unequal Variances. Significant at p < 0.05.
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Figure 3.10 Whisker box plot of the
Legacy results

3.4.2 Elliot
Root length between the
samples was shown to be
statistically significant in their
differences. The 1-Month
samples were shown to be
shorter on average compared to
the Mist samples. The Mist
samples outgrew the 1-Month
by an average of ~1 cm. The 2Month samples did have a
significant increase over both
Mist and 1-Month Samples.
The variance was relatively
low compared to some of the
other cultivars.

Table 3.15 Statistics of each Elliot cultivar sample root lengths
using descriptive analysis in Excel.
Root Length 9/23-10/23

Root Length 7/12-8/15

Mean (cm)

0.481416 Mean (cm)

Standard Error

0.075787 Standard Error

Median

0 Median

Mode

0 Mode

Root Length 5/28-8/2
1.298438 Mean (cm)
2.02623
0.154889 Standard Error
0.107526

1.25 Median
0 Mode

Standard Deviation 0.805622 Standard Deviation
0.649027 Sample Variance

1.9

2.5
1.23911 Standard Deviation 1.187664

1.535394 Sample Variance

1.410546

Kurtosis

1.97821 Kurtosis

0.028764 Kurtosis

1.172999

Skewness

1.74478 Skewness

0.736164 Skewness

0.990585

Sample Variance

2.9 Range

Range

5.1 Range

Minimum

0 Minimum

0 Minimum

Maximum

2.9 Maximum

5.1 Maximum

54.4 Sum
113 Count

Sum
Count

Root Length 6/22-8/25

83.1 Sum
64 Count

Root Length 8/28-10/1 Mist

Mean (cm)

3.563804 Mean (cm)

Standard Error

0.112331 Standard Error

Median

3.6 Median

Mode

4.7 Mode

6.2
0.2
6.4
247.2
122

Root Length 8/28-9/28 Mist

1.699338 Mean (cm)
0.122719 Standard Error
1.2 Median
0.1 Mode

1.90283
0.118999
1.9
0.1

Standard Deviation 1.434144 Standard Deviation 1.508001 Standard Deviation 1.225169
1.50104
2.274066 Sample Variance
Sample Variance
2.056768 Sample Variance
Kurtosis

-0.34256 Kurtosis

Skewness

-0.23691 Skewness

-0.55353 Kurtosis
0.732815 Skewness
6.2 Range

-0.94932
0.195608
4.5

Range

6.7 Range

Minimum

0.1 Minimum

0 Minimum

0

Maximum

6.8 Maximum

6.2 Maximum

4.5

580.9 Sum
163 Count

Sum
Count

Table 3.16 Statistics of the all the Elliot cultivar root lengths using
ANOVA One Factor and t-Test: Two-Sample Assuming Unequal
Variances. Significant at p < 0.05.
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256.6 Sum
151 Count

201.7
106

Figure 3.11 Whisker box plot of the
Elliot results

Table 3.17 Statistics of each Liberty cultivar
sample root lengths using descriptive analysis
in Excel

3.4.3 Liberty
The results show that there are statistically
significant differences between all samples.
The 2-Month sample had excellent growth with
an average of 3.279 cm though there is a large
variance. The 1-Month sample has a small
average growth of only 0.293 cm with a
variance under 1 showing the plants were
consistent in growth in the 1-month. On the
other hand, the Mist sample outstripped the 1Month sample in growth by increasing the
average by ~0.7 cm.

Mean (cm)
Standard Error

3.279285714
0.167796604

0.1 Median

3

0 Mode

Mode
Standard Deviation

0.58779323 Standard Deviation

Sample Variance

0.345500881 Sample Variance

Kurtosis

6.846636874 Kurtosis

Skewness

2.715194356 Skewness

2
1.985396194
3.941798047
-0.522526411
0.487167433

Range

3 Range

Minimum

0 Minimum

0

Maximum

3 Maximum

8.3

38.5 Sum
131 Count

Sum
Count

Root Length 8/31-9/3 Mist
Mean (cm)
Standard Error

8.3

459.1
140

Root Length 8/15-9/15 Mist
0.87 Mean (cm)

0.100514085 Standard Error
0.4 Median

Mode

0 Mode

1.122222222
0.102628079
0.8
0.1

Standard Deviation

1.101076631 Standard Deviation

1.192430521

Sample Variance

1.212369748 Sample Variance

1.421890547

Kurtosis

2.430658147 Kurtosis

2.903167861

Skewness

1.602820594 Skewness

1.633325485

Range

5.2 Range

Minimum

0 Minimum

Maximum
Sum
Count

24

0.29389313 Mean (cm)
0.051355733 Standard Error

Median

Median

Table 3.18 Statistics of the all the Liberty cultivar root
lengths using ANOVA One Factor and t-Test: Two-Sample
Assuming Unequal Variances. Significant at p < 0.05.

Root Length 5/30-8/8

Root Length 9/23-10/23

5.2 Maximum
104.4 Sum
120 Count

6
0
6
151.5
135

Figure 3.12 Whisker box plot of the
Liberty results

3.4.4 Legacy
Vertical Growth: The 1 Month samples showed statistically significant greater growth
over the Mist samples Rooting: No statistical difference was found between the systems,
Root Lengths: The 1-Month samples showed statistically significant greater growth than
the Mist system.
Overall, the data between the systems for the Legacy cultivar show statistically
significant differences between the Bin and Mist samples in favor of the of the Bin
system.

3.4.5 Elliot
Vertical Growth: No Statistical Difference was found between the systems, Rooting:
The Mist samples showed statistically greater growth than the 1 Month samples, Root
Lengths: The Mist samples showed statistically greater growth than the 1 Month samples
Overall, the data between the systems for the Elliot cultivar is significantly different and
the data is in the favor of the Mist system for growth.

3.4.6 Liberty
Vertical Growth: The 1 Month samples showed Statistically greater growth than the
Mist samples, Rooting: The Mist samples showed Statistically greater rooting than the 1Month samples, Root Lengths: The Mist sample showed a statistically greater growth
than the Bin sample
Overall, the data between the systems for the Elliot cultivar is significantly different and
the data is in the favor of the Mist system for growth.
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4 Discussion
4.1 A Standardized protocol for the micropropagation
system: from source plants to pot plants
4.1.1 Materials
•

Peat Moss is the sole substrate for the blueberries in this experiment, used in both
bin and Mist propagation methods.

•

Garden Safe: TakeRoot Rooting Hormone. Active Ingredients: Indole-3-butyric
Acid at 0.1%.

•

Bin propagation requires basic 10-gallon bins of clear plastic. The tighter the seal
on the bin the better due to retaining water in the bins system.

•

Seeding cells in a 2x3 pattern with draining holes in the bottom of each cell to
allow for water drain or draw to the cells. Used in both bin and Mist methods.

•

Seeding cell trays that can hold 2 rows of 4 of the seeding cells. Used in the openair method.

•

1/2-inch PVC piping and fittings to make a misting irrigation system.

•

Brass misting fittings.

•

Stock of Vaccinium elliottii (Elliott blueberry)

•

Stock of Vaccinium darrowii “Legacy”

•

Stock of Vaccinium corymbosum “Liberty”

•

These are Michigan State tissue culture stocks that have been planted and are
established plants.

•

White Background for photographs

•

Measuring Stick (inch and cm)

•

Camera

4.1.2 Softwood Cutting
•

Take a 5 cm +/- 0.5 using a ruler or an approximation using your hand as a ruler.

•

Remove leaves from the bottom half or two thirds of the cuttings leaving at least 3
or 4 leaves. (Can be done via fingers or scissors)
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•

Keep cuttings moist if not immediately planted.

4.1.3 Bin Prep
•

Place 12 seeding cells in an empty and clean 10-gallon bin.

•

Using saturated Pete Moss, fill all of the cells to the top to ensure plenty of media
is present.

•

If water from the Pete Moss does not fill the bin to a level of about 1-1.5 cm at the
bottom, add clean tap water as needed.

•

Create a hole in the Pete Moss of each of the cells using a chopstick or preferred
tool.

•

Taking your cuttings, coat the bare section in rooting hormone and insert up to
two thirds of the cutting into the prepared openings.

•

Agitate the dirt around the cutting to close up the hole

•

After all are planted close up the bin and place in an appropriate location. Keep
away from direct sunlight for one month.

4.1.4 Mist Prep
•

Prep a tray by creating drainage holes 1.5 cm’s above the bottom of the tray.

•

Place 8 seeding cells in the tray and fil cells fully with Pete Moss.

•

Create a hole in the Pete Moss of each of the cells using a chopstick or preferred
tool.

•

Taking your cuttings, coat the bare section in rooting hormone and insert up to
two thirds of the cutting into the prepared openings.

•

Agitate the dirt around the cutting to close up the hole

•

After all are planted close up the bin and place in an appropriate location. Keep
away from direct sunlight for one month.

4.1.5 Examination
•

Before examination of individual cuttings take pictures of the sample bins or
trays.
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•

Take pictures of individual cuttings at your discretion and of the whole group
after examination.

•

Prep 2 containers of water on your work surface to remove dirt

•

Remove majority of dirt in the first container and remove smaller or lodged pieces
in the second (leave cuttings in the second container if not immediately examined)

•

Record plant length, root numbers, and root lengths in cm’s. (can be done with a
cm stick)

4.1.6 Data Entry and Analysis
•

Enter Data into excel with each sample having its own page

•

Organize data into columns for each variable.

•

Use 6 columns for the root lengths do the software of excel

•

Analyze the data of each cultivar using One Factor ANOVA and t-Test: TwoSample Assuming Unequal Variances

4.2 Market analysis of cost and gain for production of
commercial blueberry stock plants
Averaging out the cost of materials for the system returns the price of each bin including
peat moss and cells to be ~$15.95 per bin. Electricity and water prices are negligible over
the short term and depend on the area. A starting stock of 10-20 bins would run
~$156.50-$319.00 giving you 960-1,920 plants. Time to plant a bin of cuttings takes
about 1.5-2 hours, at an hourly rate of $12/hr. the cost of labor for all those bins maxed at
2 hours per bin would be $240-$480. The total price of the 10-20 bins would amount to
$396.5-$799. The cost per plant at this point would be ~$0.41.
When establishing a farm, the number of plants per acre can be around 605 for pick your
own services (Ernst 2019) or around 1,320 per acre for wholesale production (Jimenez
2009). Looking at price per acre, at $0.41 per plant the cost of establishment would run at
$248.05 and $541.20 per acre respectively. For now, let’s say $4.50 for 2-year-old plants
(Velandia 2020). At those costs, the price for all plants would be $2,722.5 for a PYO
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operation and $5,940 per acre for a commercial wholesale operation. Establishment costs
of fields for farms will stay the same regardless of the propagation method.
The issue that arises next is the wait for the plants to mature. I am currently unable to
estimate the costs of labor and resources accurately that would allow me to estimate the
costs. Blueberry plants do not start to produce fruit until 2-3 years after planting and
don’t reach full yield optimization until 4 or 6 years (Jimenez 2009). The largest cost
would be the space needed to store the plants for at least 2 years and the labor to maintain
them.
This method would be best suited for larger nurseries that have the infrastructure and
space to care for large quantities of plants. Individuals could use this method on a small
scale to produce for personal use or private sale easily. Farmers looking to start to
propagate plants would need to invest in a large amount of space to sustain the number of
plants needed per acre if they do not have access already. Even with the reduced cost per
plant, the time and storage needed would suggest that buying from commercial sellers
would be more cost-effective.

4.3 Comparison of cutting, rooting, and propagation
efficiencies of the two systems
The efficiencies of the systems turned out to be comparable. The data retrieved from the
samples were in favor of both systems in the results between cultivars. The Legacy
cultivar was overall showing that the bin system proved the hypothesis. It showed a
greater plant length and root length compared to the Mist system, but the rate of rooting
for both systems was not statistically different. Elliot showed the opposite of the Legacy
cultivar, the Mist system having a greater rate of rooting and had longer roots than the
Bin system. The vertical growth between the two systems however showed no
statistically significant difference between the plant length of both systems. The Liberty
cultivar overall showed that the Mist system was more effective. Both rooting and root
length grew to a greater extent under the Mist system compared to the Bin system.
However vertical growth was greater in the Bin system. Between all the cultivars, the
data suggests that the bin system at the one-month point does not provide any consistent
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statistically significant advantages compared to the Mist system. However, the bins do
not appear to have any detriments to the plants as has been observed. Also, they were
able to keep the cuttings much healthier, helping the cutting to resist wilting and keep
leaves. They are comparable to the traditional mist system and are a viable alternative as
a propagation system.

4.4 Differences in root growth between Mist and Bin
systems
Results showed that there was a large increase in the root growth of the Mist system vs
the root growth in the bins. Both the soil and volume that the cuttings grew in were the
same with the soil moisture being similar. A reasonable conclusion is that the aeration of
the soil was the main reason for the differences in root growth. Hypoxia or low levels of
oxygen in the soil can reduce the speed that plants develop their root system and effects
overall growth. A lack of aeration could have been caused by the closed off system that
the bins created. The bins do not have a perfect seal on them but only a small amount of
gases can diffuse into the bin when closed. The only time that the gases would have a
chance to completely changeover would be when the bin is opened. Also, the humidity
levels in the bin are presumably ~100% and would decrease the available oxygen in the
air at a certain level and reduce the diffusion of oxygen into the soils. These issues are
inherent to the system and solutions would likely be impractical. The plants in the bins
did not show any noticeable negative impacts on growth with their lower root growth and
may not be an issue. Longer term studies would have to be done in order to ascertain the
effect for certain but given more time in the bins the cuttings should create a suitable root
system for growth.

4.5 Conclusion
In this work, the conclusion comes in two parts. First, the hypothesis claims that the
proposed closed system propagation method would allow for greater and healthier growth
of the cuttings. This was true for the Legacy, false for the Elliot, and false for the Liberty
cultivars. Most variables measured showed that the average growth of the mist was either
equal or greater than that of the bin system. Overall, the data suggests that I accept the
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null hypothesis and put forth that the hypothesis is false. I would like to argue instead that
this experiment is inconclusive. My arguments follow as such. The 2-Month Bin samples
showed an exponential increase in the rate of growth compared to the 1-Month and Mist
samples. I assume that the allotted one month given to the plants did not allow for plants
to become established and reach an optimized rate of growth. Giving the samples more
time to grow would have given a more definite result. Secondly the results did show that
the Legacy cultivar proved the hypothesis on its own and causes an inconsistency in the
trend. I propose that further experimentation is needed to prove or disprove this
hypothesis. If in the future the hypothesis is proven to be false, the current data suggests
that the growth efficiency of the two systems are close. If this is true, the proposed
system could be adopted on the grounds of cost effectiveness.
On the matter of the system being cost-effective and efficient. The proposed system
during the experiment showed that the plants are healthy in the bins and show a
significant amount of growth at the 2-month point a majority of the time. They retain
more leaves and show next to no wilting compared to the Mist system. The major benefit
of this system is its cheap setup and set-and-forget trait. The cost on the small scale
worked at cost~$15.95 per bin and ~$0.41 per plant. On a much larger scale, the price
would go down when products are bought in bulk. The closed system allows for retention
of water and may need to be refilled every few months depending on the quality of the
seal. The cost benefits of this system are that the cost for labor is greatly reduced as there
is the absolute minimum management needed while the cuttings are growing. Labor
would be focused on the production of new bins and the transfer of mature cuttings to
pots for further growth. They also save on storage and negate the need for a misting
system for the cuttings. The bins can easily be vertically stacked allowing for efficient
use of space and they can be put anywhere there’s appropriate light and temperatures.
The misting irrigation is no longer needed for the cutting which saves on infrastructure
and management costs of the irrigations system. The largest cost in this system would be
the initial buy and replacement of bins over time as they wear out. This system’s best use
would be depending on the business or individual that is using the system. The first
choice would be nurseries that are producing plants on a large scale. They would have the
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space and infrastructure necessary to maintain this system on a large scale. On a smaller
scale, individuals could use this system to grow stocks from cuttings and produce plants
for personal use or to privately sell. Farmers might have a harder time with this system.
With the sheer number of plants per acre usually used on farms and the time to produce
mature plants, it may be more cost-effective to buy the plants from a large producer.

4.6 Errors and Future Experiments
There is no consistent trend in the experiment to affirm the hypothesis of the experiment.
The largest error in this experiment is most likely that not enough time was given for the
plants to find an optimal growth rate in the separate systems. A time of up to three
months for growth would be appropriate, checking growth at the two- and three-months
mark as well. An error that could be a contributing cause of the inconsistent results would
be the period in which the plants were grown. I started in the Summer of 2021 and ended
growing on the 23rd of October 2021. The closed systems of the bins control the variables
inside besides the light provided. The intensity and time of the sun during the summer is
much greater than in the later parts of the year. Even with the light provided by the
greenhouse, I doubt it equals. Variance in data could also be caused by the nature of the
plants themselves. An increase in the number of measured factors affecting the systems
could be used to gain more specifics. Inside the bins, a light, temperature, and humidity
sensor that could consistently track over the months would be able to gather appropriate
data. Tests comparing different environments that the bins are stored in. Greenhouse,
basement, warehouse, freight container, etc. Studying the effects of concentrations of
plants within the bins to see if there are any variances in growth. The differences in the
processing of the air could cause an upset in the levels of oxygen or CO2. Replication of
this experiment would be the best course to properly find answers for the hypothesis,
given the extra time for growth along with the original protocol.
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